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Abstract 27 
 28 
In January and February 2016, five cases of confirmed and two cases of probable infection 29 
due to Listeria monocytogenes serotype 4b, sequence type 6 belonging to a single PFGE 30 
pulsotype pattern were registered in a region of southern Switzerland. L. monocytogenes was 31 
detected in blood samples (four cases), and pleural fluid (one case). Furthermore, L. 32 
monocytogenes 4bST6 was detected in a stool sample of an asymptomatic person exposed to 33 
a common food. Forthwith, the food safety authority and a local gourmet meat producer 34 
reported L. monocytogenes contamination of meat pâté. Analysis of further food and 35 
environmental samples from the premises of the producer yielded isolates matching the 36 
clinical strains and confirmed the presence of L. monocytogenes 4bST6 in the mincing 37 
machine as the cause of the food contamination.  38 
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Introduction 45 
 46 
Listeria monocytogenes is a foodborne pathogen with the ability to multiply at refrigeration 47 
temperatures, and to persist in food-processing environments and equipment. Listeriosis, 48 
although rare, is a potentially fatal infection, with the growing number of the elderly in the 49 
population, pregnant women and immunocompromised persons at particular risk (Allerberger 50 
et al., 2015).  In 2014, the EU notification rate was 0.52 cases per 100,000 population, 51 
representing a 30% increase compared with 2013 and reflecting a statistically significant 52 
increasing trend of listeriosis between 2008-2014 (EFSA, 2015). Although most cases of 53 
listeriosis are sporadic, small and large outbreaks occur regularly (Hernandez-Milian & 54 
Payeras-Cifre, 2014). So far, four outbreaks of listeriosis have been reported in Switzerland 55 
involving soft cheese in two outbreaks, cooked ham and ready-to-eat salad in one outbreak 56 
each, respectively (Büla, Bille, & Glauser, 1995; Bille et al., 2005; Hächler et al., 2013; 57 
Stephan et al., 2015). 58 
We describe a local outbreak of listeriosis that occurred in the canton of Ticino, located in 59 
southern Switzerland, during the Christmas holiday season of 2015/2016 due to contaminated 60 
meat pâté. The pâté was sold or distributed as a component of uncooled gourmet gift baskets. 61 
The first indication of an outbreak was obtained from the hospital laboratory services and the 62 
regional food safety authority by means of the Swiss mandatory reporting system for 63 
infectious diseases. 64 
 65 
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Materials and Methods 67 
 68 
Clinical data of the patients  69 
Anonymised anamnestic data (data derived from the patients by the physicians) were 70 
provided, under the supervision of the office of the Chief Medical Officer, by the hospital 71 
attending to the patients. For each patient, data included age, gender, date of onset of 72 
symptoms and date of positive blood cultures and, where available, date of receipt and 73 
consumption of the pâté. The case definition for listeriosis used in this study is in accordance 74 
with the case definition by the European Commission (EC, 2012). Thereby, five patients 75 
were confirmed cases (with isolation of L. monocytogenes from normally sterile sites), two 76 
patients were probable cases (meeting clinical criteria and with exposure to a common food) 77 
and one case was an asymptomatic fecal carrier with exposure to a common food). 78 
Laboratory confirmed cases of L. monocytogenes infection were reported to the Swiss 79 
National Notification System for Infectious Diseases (NNSID) of the Swiss Federal Office of 80 
Public Health (SFOPH). 81 
 82 
Outbreak detection and microbiological analysis 83 
With the first suspicion of invasive L. monocytogenes infection due to consumption of pâté, 84 
food and environmental samples from the producing company, a local gourmet meat factory, 85 
were analysed. Quantitative detection of L. monocytogenes was done using the mandatory 86 
method for official laboratories of food control based on the International Organization for 87 
Standardization (ISO) ISO 11290-2. Qualitative detection of L. monocytogenes was 88 
performed using an accredited rapid method (AFNOR: AES 10/3 – 09/00). Eighteen samples 89 
obtained from a total of 4,500g of impounded pâté were investigated for the growth of L. 90 
monocytogenes over period of 12 days (t0-t12), which represented the company-declared 91 
 5 
shelf-life of the pâté. Samples yielding ≥10 colony forming units (CFU)/g of pâté at t0 were 92 
analysed at time points t3, t6, t10 and t12. All other samples were analysed at t0 and t12. 93 
Storage temperature was set at 9°C, to simulate temperature abuse by consumers.  94 
Isolates were sent to the National Centre for Enteropathogenic Bacteria and Listeria (NENT) 95 
for final confirmation and further characterisation. 96 
 97 
Serotyping 98 
Serotyping of L. monocytogenes strains was performed using the commercial set of Listeria 99 
O-factor and H-factor antisera from Denka Seiken (Pharma Consulting, Burgdorf, 100 
Switzerland). 101 
 102 
Pulsed-field gel electrophoresis 103 
PFGE analysis of the strains was done as described by Althaus et al. (2014) in accordance 104 
with the CDC PulseNet protocol (http://www.cdc.gov/pulsenet/pathogens/ 105 
index.html).  106 
 107 
Multilocus sequence typing 108 
Multilocus sequence typing (MLST) was performed as described by Ragon et al. (2008). 109 
Sequences were imported into the Institut Pasteur MLST database website 110 
(www.pasteur.fr/mlst) to determine sequence types (ST). 111 
 112 
  113 
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Results 114 
 115 
Recognition of the local outbreak  116 
L. monocytogenes was isolated between January 4th and January 8th 2016, from blood 117 
samples of two patients presenting to a local hospital in Ticino, Switzerland, over the 118 
Christmas holiday season of 2015/2016 with symptoms of systemic infection. Assessment of 119 
anamnestic data by the treating physicians and clinical microbiologists pointed to the 120 
ingestion of a common food, a locally produced meat speciality, which the patients reported 121 
eating. Subsequently, the local food authority was involved and L. monocytogenes (isolate 122 
N16-0072, Table 1) was isolated from a sample of pâté suspected of contamination. 123 
Serotyping and multilocus sequence typing identified all isolates as serotype 4b ST6. The 124 
clinical isolates and the food isolate were indistinguishable in their PFGE patterns and 125 
distinct from other clinical isolates of L. monocytogenes 4b analysed during the same period 126 
from the same region.  127 
 128 
Clinical data of the outbreak patients  129 
In total, seven (five confirmed and two probable) outbreak-related cases were registered. 130 
Thereof, six had presented to the emergency department of local hospitals with symptoms of 131 
food poisoning. The first confirmed case had consumed pâté on December 19th, 2015, at a 132 
large pre-Christmas gathering, and the second in early January 2016 at a family meal at 133 
home. Two further confirmed cases and two probable cases belonged to a group of six people 134 
who had eaten pâté together at a lunch gathering just before Christmas 2015. Onset of 135 
symptoms occurred between one and eight days after consumption (Table 1). Symptoms 136 
included fever (50%), diarrhoea (37.5%), vomiting (20%), chills, (20%) and neurological 137 
impairment (20%). Results of blood cultures were positive in four cases (Table 1).  For one 138 
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asymptomatic person belonging to the group of six people, results of stool culture were 139 
positive for L. monocytogenes serotype 4b ST6 (isolate N16-0136, Table 1). A further case 140 
was registered four weeks later at the same hospital. The patient, who presented with fever, 141 
had confirmed growth of L. monocytogenes serotype 4b ST6 isolated from pleural fluid 142 
(isolate N16-0348, Table 1). The patient reported having eaten pâté at an unspecified date 143 
around Christmas 2015. Incubation time was estimated at >50 days. The median age of the 144 
patients with confirmed listeriosis was 84.8 years (range 71-95) and 71.4% were male (Table 145 
1). 146 
 147 
Qualitative investigation 148 
The majority of the patients reported purchasing or receiving the pâté as component of a 149 
gourmet gift package issued by a local gourmet meat producing company shortly before 150 
Christmas 2015. The pâté, produced and frozen as a batch of approx. 260 kg on November 151 
21st, 2015, had been thawed and re-portioned for distribution in the week between the 16th 152 
and 23rd of December 2015. Distribution had occurred with intermittent lapses in temperature 153 
control. After the first pâté sample was culture-positive for L. monocytogenes (isolate N16-154 
0072), the product was withdrawn from the market. Simultaneously, the production company 155 
reported to the regional food safety authority the detection of L. monocytogenes from four 156 
samples of pâté (isolates N16-0123 to N16-0126, Table 1). Based on these results, further 157 
environmental samples were officially obtained from the premises of the company. The meat 158 
mincing machine was completely disassembled and all cutter blades and plastic gear parts 159 
were sampled with environmental swabs. Since visual evidence indicated that the machine 160 
was highly suspect, no other locations on the premises were sampled. All samples from the 161 
machine resulted positive for L. monocytogenes (Table 1). The isolates were 162 
indistinguishable in their PFGE patterns from the clinical and the food isolates. 163 
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 164 
Enumeration and growth of L. monocytogenes serotype in pâté samples 165 
Growth of L. monocytogenes was detected in all 18 samples obtained from the impounded 166 
pâté (aw: 0.967, pH: 6). Initial values of ≥10 CFU/g were observed for three (16.6%) of the 167 
samples. At the end of shelf-life, 16 (88.9%) of the samples exhibited >100 CFU/g of L. 168 
monocytogenes with a median of 1.3x106 CFU/g (range 6.4x103 –7.5x106).  169 
 170 
Discussion 171 
In this outbreak, the early raising of suspicion by the medical staff and the food safety 172 
authority allowed rapid recognition of the source and re-establishment of food safety for 173 
consumers. Indeed, in Canton Ticino, because of a higher incidence of listeriosis (3.43 cases 174 
per 100,000 population in 2014 and 1.4 cases per 100,000 population in 2015) than elsewhere 175 
in the country, the food safety authority and the chief medical officer agreed that each patient 176 
with suspected listeriosis should be interviewed about food consumption during the 4 weeks 177 
before symptoms onset. Swiss as well as EU food legislation decrees that L. monocytogenes 178 
must be absent from 25 g of food in which it can grow, unless the producer can demonstrate 179 
that it will not exceed the limit of 100 CFU/g throughout its shelf-life (EFSA, 2015). In this 180 
case, the producer did not have any shelf-life validation data and the food safety authority 181 
was able to demonstrate growth and presence of the pathogen above this limit at expiration 182 
date. Furthermore, uncontrolled temperature along the distribution process of the product 183 
may have contributed to high L. monocytogenes colony counts at consumer level. Pheno- and 184 
genotyping of the isolates could link the contamination to specific parts of a food processing 185 
machine on the premises of the producer. Serotyping assigned the strains to 4b which is the 186 
second most frequently isolated serotype in various food matrices as well as human listeriosis 187 
cases in Switzerland (Althaus et al., 2014; Ebner et al., 2015). Further, the strain associated 188 
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with the outbreak described in this study belonged to ST 6. This is not the same ST detected 189 
in previous outbreaks in Switzerland. ST6 accounted for 4/93 (4.3%) cases of human 190 
listeriosis in Switzerland between 2011 and 2013 (Althaus et al., 2014). Although rare, this 191 
ST is associated with significantly worse outcome in cases with listeria meningitis 192 
(Koopmans et al., 2013) and therefore poses a particular threat to consumer health. Cases of 193 
listerial pleural fluid as described in one of the outbreak patients are very rarely reported in 194 
the literature. In contrast to other pleural infections, they are caused by transient bacteraemia, 195 
rather than pulmonary infection (Mazzulli & Salit, 1991). To our knowledge, this is the only 196 
report clearly linking pleural infection with listeria to the ingestion of contaminated food. 197 
 198 
Conclusions 199 
In the case of food-borne outbreaks, the main objective is the rapid identification and 200 
suppression of the infectious source. Source identification, allowing the authorities to re-201 
establish food safety for consumers often involves a combination of epidemiological and 202 
microbiological techniques. Pheno- and genotyping of isolates from clinical cases, products 203 
and the production environment enabled in this outbreak situation the identification of the 204 
spreading source for this L. monocytogenes strain. To prevent similar outbreaks in future, and 205 
to protect consumers from exposure to listeriae, it is needful to stress the importance of good 206 
hygiene practices (including careful cleaning and sanitation of all parts of equipment), 207 
effective temperature control throughout the food production and distribution, as well as 208 
careful setting and validating of appropriate shelf life.  209 
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